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1 1, Marc Alfred Chavannes, . a Swiss 
citizen, of 57. Montague Street, Brooklyn 1, 
New York, State of New York, United States 
of America, do. hereby declare the invention, 
for which I pray that a patent may be granted 



to me, and the method^by: which it is whe^rthe^^ " LfW^^r 

performed, to h* oarti^r!^ • <- wnere^y toe second film, becomes .welded to 
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performed, to be particularly described in 
and by the following statement : — 

This invention concerns a laminated struc- 
ture having closed cells defined therein , and 
suitable for use, for example, as a cushioning 
material or for shock-absorbing purposes in 
packaging of products; for me padding of 
furniture or trimming or hning cars or trucks; 
or for heat insulation and like purposes. 

An object of the mvendoh is to provide a 
novel effective method of . sealing together; to 
form a laminated structure, two films of ther- 
moplastics or material having a thermoplastic 
stage (hereinafter referred to as thermoplastics) 
in such a manner as to define, between such 
films, a plurality . of cells wherein air is en- 
trapped, which permits of -rapid and con- 
tinuous production of the: structure whilst 
ensuring efficient sealing together of the films. 

With this object in view, the present in- 
vention provides a method of producing a 
laminated structure having hollow, closed 
cells defined therein and suitable for use* for 
30 example, as a cushioning material comprising: 
heat-treating, a first film of thermoplastics 
until at least one surface thereof is at its 
fusing temperature, heat-treating a second 
film, of thermoplastics until at least one surface 
thereof is at its fusing temperature, thereafter 
passing the first film over an embossing roller 
provided with a - plurality of surface cavities 
with a film surface which is at its fusing tem- 
perature remote from the embossing roller, de- 
pressing the first film into the surface cavi- 
ties, and thereafter applying the second film 



to the first film under pressure, a surface of 
toe second film which is at its fusing tern- 
pcrature being arranged to contact the non- 
oppressed pans of the surface of the first film 
wjiich^is remote from the embossing roller 
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the .first ;fihn without rupturing either film, 
the combined films forming the said lamina- 
ted structure; which is thereafter stripped from 
the embossing roller by a separate non-embos- 
sing stripping roller. 

The invention further provides apparatus 
for producing a laminated structure, having 
hollow closed cells, defined therein, and suit- 
able for use, for; example, as a cusbioninff 
m *te™>^ 0 Vpri6ng means for heat-treating 
a nrst film pf thermoplastics until at least one 
surface thereof is at its fusing temperature 
and for leading the first film in its T heated 
condition . over an embossing- roller . : provided 
with a plurality of surface cavities and arran- 
ged so that a surface of the film which is at its 
fusing temperature is remote from the emboss- 
ing roller, means for depressing the heat- 
treated first film into the surface cavities, 
means for heat-treating a second film of 
thermoplastics, until at least one surface there- 
of is at its fusing temperature, means for 
feeding the second film in the heated condi- 
tion onto the first film on said embossinff 
roller at a point beyond that at which the 
nrst film is depressed into the surface cavities 
with. a surface of the second film. which is at 
its fusing temperature contacting; the non- 
depressed portions .of the first film, : means for 
applymg pressure to the films to cause them 
to become welded together, without rupturing 
of either film, to form said laminated struc- 
ture, and a separate non-embossing stripping 
roller co-operating with the embossing roller 
for removing the laminated structure there- 
from, 
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' Tlie fusing tcnigbtaturd for certain' theftm* 
plastics are set out in; a table hereinafter. 
The invention further includes, of course, 
- laminated; structures traduced by the method 
5 defined above. ' : \ 

In order that; the invention may be rully- 
imderstoddj it will be described further, by 
^ay of example, with reference to the ^ 
panying dtawings, in, which : — ; * 
10 Fig, 1 lis a o^agramrnatic. side_ elevation 
illustrating? a first! embodiment :of ; apparatus 
suitable for carrying tie metbpd jof[the inven- 
tion into effect, \, ' • : - « • •. ^ , 
Figo 2 is a view similar to that of rig. 1 
15 but showing a second embodiment of the; 

a£paratus;i T • * ■:•*-":•!!■".■' ^ , 
' " . ■ Figs. 3,1.4 and 5. are- similar views showing 
respectively ; third, fourth and fifth embodi- 
rneiits of! the ippa^t^jv.r'",' r ' '). -i - 

20 ? Fig. 6 is ia.part^sectional exploded perspec-: 
tive view > of ,a fct embodiment laminated 
structure produced by the method, of the in- 
vention; ; \ » 4-. 
- Fig. 7 Mis a plan - view corresponding : to 

25 Fig 6; ; !j /■ 
v . Fig. 8 is a agtammatic fragmelitary icrpss- 
sectional 'view showing- a moulding roller 
which maytfotm part of the various embodi- 
ments /of' apparatus shown ^in ; Figs. 1 1 : to; \5 3 the ' 
30 section corresponiiing .; to the line ?^ f of : 

^Fig/9 is a fragmentary front elevation of 
the moulding roller of Fig. 8; . 
Fig iOi is an e^arged .fragn^tary cross- 
35 section taken ion the; hne 10— 10! of Big. 7j , 
Fig: It' is? a view, similar to Fig, 6> 
showing a second embodiment ; of laimnated 
structure, produced by the method of the 
invention* 

40 Fig, 12 is a plan view cofrespondmg to 
Fig, 11, : i A ■ 

Fi g: 13 is a view:, similar to I?ig. lp, but 
showing- a| third embodiment; of the laminated. 

^structure;-!! - ! '•' ^-v-'^&v V:- 

45 ; : Figs. 15 and 16 are views isirmlar: to. 
£igs. Iff and ' 13 :but; showm and 
"sixth e^ojiiraentfr ^ 
• :.ture; ' - . f • -;\ ; ;s ' v. ) jJ 

: Fig. 17- is a fragnientary part-sectional^cx- 
50 ploded view showing a cushid&g assembly 
•composed of two laminated stractutes accorf.- 
• ing. to mevinventibn; . •-• .j \\ : 
: Fig 18f is a fragmentary plan view showing 
the assembly of Fig . 17; c \ . 

55 3 Fig 19j is an enlarged cross-sectional view 
' tafcn on the line^l9--l? of Fig: 18; .. 

Fig, 20 is a. view similar to? Fig, 19, but 
showing a 'modification thereof ; and Fig, 21, 
2Z and M are views similar to Fig -10, but 
60 • showing respectively seventh; eighth and ninth 
^mbodimentslbf lammated strjuctuire produced 
by the method of the invention. 

Referring firstly to Eg. 1 '.of the 4raw- 
iings^ this] figure ^illustrates a simple : : mamier 
65 of carrying the "invention into .effect; The 



apparatus illustrated comprises a rotating 
mbddihg roller 10 which is provided, in its 
outer : curvedl surfaoe, with a plurality of 
cavities aiicl which- preferably \ embodies 
^vacu^ mniddinig; means. The cavities: may be TO 
of any desired ccoafiguration. For instance they 
may!. be liexajgo^ : as shown in Figs. 8 and 9 
;and-aKwill later be. described.' 
y fj fiyt film 11 of a mouldable thermo- 
plastics:^ to the moulding roller 10 by 75 
means of guide rollers 12, 13 and 14. These 
guide rollers 12, 13 and 14 are preferably 
heated rollers which are heated to succes- 
sively jhigjh^ temperatures so that, the tem- 
perature of the film 1 i : is raised progressively 80 
as it passes', successively around said . rollers, 
the film 11 passing onto the embossing roller 
10 at ] a predetermined temperature approxi- 
mating to mat ar which the thermoplastics of 
the film 11 is; fusible; The temperatures of the 85 
heated rollers wift therefore, depend upon the 
.material of the ^film 11.. For instance, in tlie 
case of a low-density polyethylene film 11, 
the roller 12 will be maintained at approxi- 
mately 180° F- to 200° F while the rollers 90 
13 and 14 : will 1 be maintained at about 230 c 

f to 24o°;f. 

v Once in contact with the embossing roller 
10, ; tHe first film 11: is maintained at its fusing 
: temrierature by a heater i5 and the vacuum 95 
moulding means (not shown) operates to draw 
into me cavities tbose portions of the first 
film .11 which .\ overlie such cavities, so that 
depressions corresponding to the shapes of the 
cavities are.;fbrrned;m the; first film 11. The 100 
; use; of the heater i5: may, if desired, be ob- 
viated, wiere the embossing roller 10 is of 
i a rieat^onductihg material, by providing a 
surface covering, on the outer curved surface 
of such roller 10, (i e. on the portions 10 1 105 
between : thfe cavities-rrsee also ftgs. 8 and 9) 
a cdvermg of ; : 1^-msiilating material. In 
this case, the portions of the film 11 which are 
drawn into the cavities to form the depressions 
become cooled by contact with the walls de- 110 
fining the cavitj[es> v/hereas the non-depressed 
portions of tlie fihn^ (which portions contact 
the; heat-irBulatihg ^ .covering) retain their heat 
and cool less rapidly. for a purpose which will 
shortly become' apparent 115 
- The filni li, with its non-depressed por- 
tions :maintained atl about the temperature at. - 
•which the' mexmpplaitics is .fusible either by 
the" heater 15 or by . reason of being insulated 
from .contact with the heat-conducting material 120 
of : the . embossing ^roller 10, is carried by 
the; embossing roller; 10 towards a pressure 
• roller 19 which serves to guide a second film 
" liS. onto the first fifih 11, whilst on the roller 

10, so as to overlie the depressions ±erein. In 125 
. moving onto the first film 11, the second 
film '16 passes over* guide rollers 17 and 18 
as well as the pressure roller 19, and these 
rollers (like the guide rollers 12, 13 and 
14) are formed as heating rollers, which serve 130 
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to heat the second film 16 progressively so 
that it passes onto the first film il at its fusing 
temperature; 
As the two ;films 11 and 16 are brought 

5 together, fusion of the second-film 16 to the 
non-depressed /'portions of the ; first film 11 
occurs, the pressure roller 19 serving to; apply 
pressure tb the two films with the coopera- 
tion of the embossing roller 10 As the em- 

10 bossing roller 10 .continues to rotate, it carries 
the laminated structure formed by the fusing 
together of the two films around to a stripping 
poller 20 during which die structure ^(indica- 
ted by reference numeral 21) cools, the strip- 

15 ping roller j 20;' then serving tpistrip _the:stni(> 
ture.21 from the embossing rbUer 10- and to 
feed it e.g. for further, processing ". or for 
packaging m rolls or other suitable forms/ 
The pressure applied by the pressure roller 

20 19 is ; a factor affectihg the; -fusibh together 
of the films, Assuming the films both to be 
of low density polyethylene of a: few; thou- 
sands of ah inch in thickness -and the rollers 
12, 13, 14, 17, 18 and 19 to be heated to 

25 the temperatures previously mentione d a pres- 
sure of from 30 to 60 -pounds per square inch 
at the pressure toller 19 is Satisfactory. The 
pressure required : to \ obtain ^efficient fusion 
of the films; is£ however, essentially an^ inverse 

30 function of \ tie film temperature. 

: Referring now tb Figs. S and 9> these figures 
show one. form' of embossing . roller 10 suitable 
for use in: the apparatus of Fig. 1 (^and also 
the embodiments of apparatus of Figs. 2 to 

35 S, yet to be described) and \yhich will be 
instrumental in producing a laminated struc- 
ture such as is shown in derail in -Fig. 6, 
7 and 10. 

As can ; be seen in Figs. 8 and: 9, the 

40 cavities therein are hexagonal; in shape and the 
bottom of -each- cavity connects with vacuum 
moulding means including" a • respective pas- 
sage 22, for each cavity, said; cavities commu- 
nicating with ■ a manifold 23. Thus, ; as the 

45 first film 11 passes onto the embossing roller, 
vacuum applied to the cavities by way of the 
manifold 23 and the passages 22 serves to 
draw mto such cavities those; portions of the 
film 11 which overlie the = cavities, . thereby 

50 forming,, in the film 11, hexagonal depressions 
or embossments 24 (see Figs. 6, 7 and 10). 
Fig. 6 shows" the second film 16 separated 
from the first film 11 purely for the purposes 
of illustration, but it will be seen from Fig. 

55 10 that the second film 16 ; is fused to the 
first film 11 where contacted by the non- 
embossed portions of the latter, so that the 
depressions 24 together with 'the second film 
16 define between them a plurality of closed 

60 cells in the finished laminated structure. Tests 
have shown that the method of the invention 
provides: for airtight sealing of each of the 
cells. 

Fig. 10, also shows that, due to the drawing 
65 effect which occurs when the corresponding 



portions of the first film 11 are drawn into., 
the cavities in the embossing roller 10, the 
sidewalls ,80 of the depressions or emboss- 
ments. 24 taper from a maximum thickness 
where' they connect : with the : non-depressed. 70 
portions of tie. film 11 tQ a minimum at the 
extremities , of the depressions 24 remote " from 
the nori^dfipressed portions of the film 11. 

Referring now to.FigS; 2 to 5 these figures 
show alternative practical embodiments of 75 
apparatus for. producing the laminated struc- 
ture, and similar reference numerals have 
been allocated; to parts thereof which are 
similar to : parts already described with re- 
ference, to Fig.; 1. ' . ' 80 

In the apparatus of Fig. 2, the embossing 
roller lO. is fed with a first film 25 by guide 
rollers 26, 27,; 28 and 29 of which at least 
the rollers %% 28 and 29 are formed as heated 
rollers which serve, as in the arrangement of 85 
Fig. 1, progressively to heat the first film 25. 
so as to feed it to the embossing roller 10 at 
a general temperature whereat it is inouidable 
and can be fused readily ; to a second film 
31. Depressions are formed in the first film 90 
25 in exactly the same way as in the pre- 
ceding, exainple but the second film 31 is fed 
directly from, extrusion apparatus 32 by way of 
a pressure roller 30 ont6 the first film 25. 
Since the second film 31 will normally leave 95 
the extrusion apparatus 32 at a temperature 
higher than that necessary to ensure efficient 
fusion of such; film 31 with the first film 25, 
the pressure ; roller 30 is preferably cooled so 
as to -cool the;. second film 31, 100 

Fusion together of the films .25, 31 to pro- 
duce the laminated structure 37 occurs as in 
the preceding; example, and after cooling 
whilst travelling on die embossing roller 10, 
between the pressure roller 30 and a stripping 105 
rolier 33, the finished structure is conducted 
away from the embossing roller 10 by the 
-stripping; roller 33 and successive rollers 34, 
35 and; 36, of which the rollers 34 and 35 
may be cooled to ensure complete cooling of 110 
the stnicture" 37. 

Fig. 3 shows an arrangement wherein both 
films are continuously extruded. In this case, 
the first: film 47 is extruded by. an extruding 
apparatus 48: onto a guide roller 49 from which 1 15 
it passes onto, the embossing roller 10. 

An endless belt 50 serves to maintain the 
Gist film . in contact with the guide roller 
49 as it passes around the latter, and this 
belt passes around belt rollers 51, 52 and 53 120 
which .together with the guide roller 49, may 
be copied to ensure that the film 47 passes 
onto tie embossing roller 10 at a temperature 
suitable for depressions to be formed therein 
in a manner similar to that already described, 125 
and for subsequent fusion of a second film 
41 thereto. 

The second film 41 is similarly extruded, 
by means of an extruder 40 onto a guide 
roller 42 against which such film 41 is held 130 
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by an endless belt 43 tanning around the belt 
- rollers 44, 45 and 46 some or all of -which 
are cooled to cool the extruded film 41 to a 
suitable . temperature for Jiang fused; to the 
5 first film 47. As with the preceding examples, 
the guide roller 42 acts as a pressure roller 
and applies the second film 41 onto the first 
film 47 after depressions have been 
forined in the latter, whilst at the same 
10 tune; causing fusion suchlsecorid film 41 to 
the non-depressed portions;; of the first film 
47. ,: % 

The resultant^lamihated-structjrre 55 cools 
as it passes :arnund the embossing roller 10 
15 and is stripped therefrom by a stripping roller 
54 which may, if desiredi|feed the laminate 
to further cooling rollers (not shown). 

The arrangernerit of Fig. 4 is somewhat 
similar to that of fig. 3 in Jliiat-both the films 
20 are extruded and passed $&efctly to the em- 
bossing toiler 10 In this case, however, a 
double extruder 60 produces both the first 
film 61 and the.Vsecond\fiIni 62. 
The first film! 61 is fed.jto the; guide; roller 
25 63 which transfers it to the embossing roller 
10 for production of the depressions therein, 
an endless; belt &4, similar :to the belt 50 of 
Fig. 3, carried \ by belt ';' Mlers; 65, 66 and 
67 and serving to hold ;racbJ first film 61 
30 against the guide 'roller 1 63ijr 

The second film 62 is; extrjuded onto a pres- 
sure roller, ; 62 l which r applie$ the such second 
film 62 to the fiist film ol^jafter embossment 
of the latter by [the embossing roller 10, and 
35 is fused ihereto as in die p^cxtog . examples. 
The resultant lamniated structure 68 cools 
as it is carried around By the embossing 
roller 10 from the ^ ptessure roller 62 l to a 
stripping roller 69 which removes"; the struc- 
40 ture 68 whereafter it may [jpe further ;cpoled 
or processed as may be desired. 

In certain instances, it [may be desirable 
to provide a laminated structure composed 
of two films which ; are . Welded; together, atrdT 
45 each of which fias depressm^ and\. 
Fig. 5 shows a form of ^apparatus Suitable for 
preparing such a stmcumSpn this embodi- 
ment of the apparatus, a first film 70 [is fed 
by a heated guidie roller 7 lifp i rbtadng em- 
50 bossing roller 72 Jwbich is substantially similar 
to the embossing roller lOljjpf^the preceding 
embodiments. As the emjbjossing roller 72 : 
rotates it creates^ the depressions in thb first 
film 70 and then moves ( Jt Jpast a heater 78 
55 which maintains such film ■ substantially at a 
temperature which is suitable 1 ;; for fusion of the 
first film 70 to a second film 73. The. latter 
is fed by a guide roller 7$ onto a. vacuum 
moulding belt 75 ; guided,, by belt rollers 76, 
60 77 and tensioned by a- tensioning roller 79 
so that one run of such belt 75 passes par- 



tially around the moulding roller 72. Cavities 
are provided in the belt 75 in the same way 
as they are provided in the embossing roller 

72, ;and such cavities are similarly spaced to 65 
those hi the roller 72, the belt 75 and roller 

72 being : a>ontinated so that the cavities 
register with one another. 

The belt. 75 moves the second film 73 
past the : heater 78 which maintains such film 70 

73. at: a temperature suitable for the fusion 
thereof to the first film 70i Such fusion is 
effected m this case by the belt 75 pressing 
the second film 73 against the first film 

70 under the tension applied by the tension- 75 
ing roller 79. 

It will be appreciated of course, that in this 
embodiment of the apparatus, either or both 
of the films 70 and 73 may be fed directly 
from a respective extruder, and a moulding 80 
roller surukr to the rollers 10 and 72 could 
be used in place of the embossing belt 75, such 
roller serving . both to' produce depressions in 
the second film 73 and as a pressure roller, to 
apply the second film 73 to and fuse it to the 85 
first film 70; on the embossing roller 72. 

The form: of the laminated structure pro- 
duced by this -apparatus is illustrated gener- 
ally in Fig. ; 23 and will be described later in 
detail. 90 

If the described methods are carried into 
effect at normal atmospheric pressure, cooling 
of the resultant laminated structure will result 
in; contraction of the air sealed into each of 
the cells defined by the 'depressions in the first 95 
film and the second film extending thereacross, 
so that each of such cells will, naturally, be- 
come slightly deflated upon cooling of the 
structure. In certain applications, ft may be 
desirable that ;the air in such: cells should, , .100 
after, deflation of the structure, he -at a pressure" 
substantially ^ eguat-'to or "sfightJy greater than 
atmospheric, ~and this can be achieved, for ex- 
ample,; by carrying out the method at a pres- 
sure higher than atmospheric pressure. Alter- 105 
natively, it is possible, after : cooling of the 
laminated striicture, to reheat , the structure so 
that it becomes slightly plastic and shrinks to 
a small degree so that the resultant contrac- 
tion of the L cells produces somewhat smaller, 110 
but fully inflated cells. 
' As previously stated, the temperatures at 
which the films are fused together will depend 
upon the material of such films, so that the 
temperatures at which the films are applied 115 
to the embossing rollers or belt will be varied 
accordingly. The following table, indicates the 
fusion temperatures of various typical thermo- 
plastics which may be employed for the films 
used in; forming the laminated structure accor- 120 . 
ding to the invention: 
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Fusion Temperature Table 



15 



25 



30 



40 



45 



50 



55 



60 



Class of material 

to be fused. 
Polyvinyl chloride and its copolymers - . 
Polyethylenes (low . and medium density) 
Polyethylene (high density) - 
Polystyrenes - -"--•« _ 
Polypropylenes - - - - _ 



Fusion Temperatures in 
Degrees Fahrenheit 
325° to 350° 
240° to 270° 
270° to 320° 
250° to 275° 
280° to 330° 
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Various embooiments of the; laminated for instance fronrl to 5 thousandths of an inch 
^oduccd in accordance with the in thickness, while the second^ "iSy be 
invention are shown srencrallv in : * rekf hrehr *ffff , r« ™ . ' ^ A l_ oc 



invention are: shown generally in Figs. 6, 
7- and 10 to 23. The form of the invention 
shown in Figs. .6 and 7 has already been 
described and involves the utilization of hexa- 
gonal sealed depressions 24, and in Fig 10 
it will be observed that each degression 24 
has side , walls 80 which taper so that the 
thinnest portion of .the wall is furthest from 
the seating ;film ; 16. The achievement of this 
20 has also previously been described. 1 The utiliz- 
ation of the tapered wall structure as indi 
cated at 80 provides",; in the .larninated struc 



relatively stiff' to lend support to the struc- 
ture. Thus, any number of variations may be 
made in the thickness of the sealed films and 
the size and configurations of the depressions 
to attain any desired shock-absorbing charac- 
teristics. 

Fig. 13 illustrates still another embodiment 
of the structure wherein the sealed depressions 
denoted herein by the numeral 83, are hemi- 
spherical in form. A hemisphere has been 
found to provide a shock-absorbing action 
different from that of the invention shown in 



iw « B ^*„;-f 37 i : t — , : ™ 4 ". uwu nun qi me invention snown in 

nu^jwcta^iual Ao^bsorlmw 9f(^--«4tich Figs. 6 and 11, since the hemispheres can 

supplements tbe.pneumatic action arising from be compressed with a lighter focc£than that 

the air sealed in the cells of thr> ctmr^i^ rMn ^X ± _ , ™ K 



the air sealed in the cells of the stnicture. 
The cells normally contain air sealed therein 
and when pressure is applied to cornpress such 
cells, the walls, thereof will tend to expand 
and permit; each cell to be compressed. In 
many cases there is a point beyond which 
further compression cannot be withstood with- 
out rupturing the depressions .24. In such an 
instance, the wall 80 will provide further 
support and, as the depression 24 itself! is 
35 crushed, the walls 80 will afford increasing 
resistance until such time as the structure is 
completely destroyed. Thus^the sj^tfarreof 
Figs. 7 and: 10 provides mechanical, as well" 
as pneumatic, shock-absorbing action and 
such latter action is ideal when the material 
is employed to protect objects which may be 
dropped from high; elevations and 1 which re- 
quire substantial shock-absorbing action even 
though the shock absorbers are crushed during 
impact with the ground. One such instance 
would be in the dropping of articles from 
aircraft, wherein it is merely necessary to 
provide means; to protect the articles against 
being damaged upon impact with the ground. 

The depressions 24 may be made of any 
desired shape or configuration with uniform 
or tapered walls and a modified structure is 
shown in Figs. 11 and . 12. In this case, the 
sealed depressions^ denoted by the numeral 
82, are circular in configuration and will 
afford a somewhat modified cushioning action. 

Another consideration in the fabrication of 
the structure in accordance with the inven- 
tion is the thickness of the films to be lami- 
nated. As the films . are increased in thick- 
ness, additional shock-resisting action will be 
provided. In certain cases, it may he desk- 



required to initiate compression on the pre- 
viously described forms of the depressions* 
although the maximum resistance obtained 
from the hemispherical corulguration is sub- 
stantially the same as that obtained in the 
previous forms. With the hemisphere, how- 
ever, the use of the tapered wall 84, while 
lending mechanical shock-absorbing action, 
will not provide the degree of shock-absorb- 
ing action that would be obtained, for in- 
stance, by the form of the invention shown - 
in Figs. 6 and 10. 

. In certain cases, it may be desirable to 
combine the laminated structure produced in 
accordance with the invention with other lami- 
nar materials. In the case of packaging, for 
instance, it may be desirable to apply a 
coated paper to one side of the structure, 
and this is illustrated in Fig. 14 wherein 
the paper, denoted by the numeral 85, is 
laminated to the second film 86 of a lami- 
nated structure comprising an embossed first 
film 87 to which the second film 86 has 
been fused in the manner described in con- 
nection with any of Figs. 1 to 4. 

When the laminated structure is to be uti- 
lized for furniture, rug padding or other 
similar applications, it may be' desirable to 
utilize a fabric backing 88 as illustrated in 
Fig. 15. In the case of paper and fabric 
laminates, as shown in Figs. 14 and 15, the 
paper 85 or fabric 88, as the case may be, 
is preferably first coated with or laminated 
onto the second film 86 prior to sealing the 
latter to the first film 87, though other pro- 
cedures may be used to attain the structure. 

Fig. 16 illustrates still another embodiment 
of the structure produced by the method of 
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89 is -provided with; a scaling of second film edges 100 of the films 96 and 97 and the 

90 fused thereto tQ ' provide a plurality of barrier layers 98 and 99 are sealed about the 
sealed cells 91 'wid e :fur^:»ii:-?2;& sealed entire periphery ; of the structure so as to be 
to the .extremities of :the depressions in the completely protected. ^ ^ 

5 first film 89 remote fzpm the horirdepressed ^ . In certain applications it is desirable to /0 

parts of such - film to provide; a: larmnared combine the resilient qualities of materials 

material having two essentia^ plane surfaces, such as foamed rubber with: the cushioning 
The further filrrk 92 m & of toe laminated structure of the 

substantially parallel to -the second film 1 90, : invention. For this purpose, a modified struc- 

tO and it may be attached to the first filin 89 by ture, as shown for example in Fig. 21, may 75 

heat sealing 6rV by means ;-of : an appropriate be employed wherein the laminated structure 

adhesive, it be^g merely necessary to effect (such as shown in Fig. 7 for instance) deno- 

a good mechanical bond between ■: the films ted generally by. the reference numeral 21 

89 and 92, as a hermetic seal is unnecessary, may be combined with a layer , of foamed 

15 This strucmre provides for untform pressure rubber 101 cemented; or otherwise adhered go 

distribution between the sealed cells 91 and, to one side thereof. While rubber and rubber- 

if desired ±e peripheral edges of the structure like materials; can be fabricated with a variety 

may be sealed by sealing vthe second and fur- of resilience, they cannot afford the advan- 

ther films 90 and 92 together, in order "to : tages of the structures produced in accordance 

20 prevent the entr^ the. invention. However;, should a wide 85 

and the like. This is .particularly, important range of cushioning action be desirable, it 

when the structure is to be utilized as a fiumi- has been found advantageous to combine a 

ture packaging 1 material :or for cither siniilar -layer of foamed cubber or foamed synthetic 

purposes. rubber having a very soft cushioning charac- 

25 Figs. 17: tb 19: illustrate an arrangement teristic, with: a laminated structure embody- 90 

^yherein two laminated stxuc^es produced in ing a plurality of sealed elements in accor- 

accordance with the invendan are combined to dance with the invention. Thus the charac- 

pxovide a single composite assembly: It will teristics of the two materials will afford a 

be observed from -Fig. 17 '. that two separate composite structure that will provide a shock- 

30 laminated structures, denoted respectively by absorbing and cushioning action not hereto- 95 

the numerals 93 and 94, iare: provided with fore attainable with known structures. It is 

the sealed depressions ,93* and 94 l thereof also apparent that dense resilient materials 

arranged in relatively widely spaced relation- may be utilized, depending on the character 
ship. Each biP; the structures 93 and- 94 cor- ... and nature of the^ shock-absorbing and 

15 responds essentially to the stractures shown in cushioning actions desired. 100 
Figs. 11 and 12 arid may be of : composed Fig 22 illustrates a further embodiment of 

solely of two .films sealed together or may the invention wherein the laminated structure, 

have one of the films combined - with other . s\ic^ as^tr^stTMCture 21 : previously-descrihed, ~ 

materials as describeci with reference to Figs, is completely enclosell^ithin ' natural or syn- 

40 14 and 15. The structures 93 and 94 are. thetic rubber materials of any desired den- 105 

secured in ovetiying : face-to-face relation- sity. One layer 102 of the natural or synthetic 

ship, wth the" sealed degressions 93 1 located rubber is adhered to one side of the second 
between me! : depressions 94 1 and vice versa, : film while a second layer 103 is adhered to 
so that the total thickness of the assembly is the other side of the structure with the 

45 not appredabljr^t^ material of the layer 103 filling spaces "be- HO 
of either one -of the structures 93 arid .94. tween the sealed depressions : 24. In this way 
The combined assembly; is illustrated in Fig. the material of the layer 103 not only affords 
18 witji tie depressions in full - additional resiliency, but lends support for 
lines while the depressions "94 l . are shown, thcidepressipns 24. This form of the inven- 

50 in dotted Omesi' The rela^ isp^smons of ^ tion is particulariy useful for furniture pad- 115 
the depressions 93 1 ; 9# may be: observed ding, mattresses; and the like and is inexpen- 
more clearly in Fig. 19 which shows that the sive even though it provides a particularly 
resulting cells :ar> substandafly; in a con- good cushioning action, 
tihuous relationship ^andimereby afford great Fig. 23 illustrates still another modification 

55 structural strength. . of the structure -involving the sealing of two 120 

iFig^ 20;iUusrrates still anomer form of me - embossed films in back-to-back relationship, 
structure produced by the method; of the in- In this form of .the structure two .embossed 
venrion wherein the laminated films are en- films 104 and 105 each having a plurality of 
. dosed between barrier layers which protect the depressions 104 1 and 105 1 respectively are heat 

60 structure against gas arid moisture vapour. In sealed one to the other to form a plurality of 125 
this form the 'Structure' includes a suitably- sealed cells. 

moulded first film 95, a second film 96, an. The improved fusing technique m accord- 
overlying third 'film 97," and upper- and lower ante with the invention wherein a moulded 
barrier layers 9i8 and 99 respectively of alu- film is heat-sealed to a second film by pro- 
65 minium foil or other "similar material. The perly maintaining at least the mating surfaces 130 
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at a temperature suitable for fusing before 
pressing them together to form a substantially 
unitary resultant structure permits the intro- 
duction of other materials between the sealed 

5 layers for. moisrare-vapouf-proofnessy. protec- 
tion against fungi, bacteria, insects or rpdentSj 
fircp roofing ' and similar purposes. For in- 
stance, just prior to the heat-sealing . of the . 
second film to the embossed first film,, pow- 

10 dered calrium silicate or calcium stearate can 
be mtroduced to absorb fnoisture and water . 
vapour and provide a completely dry : atmos- 
phere within the sealed cells. If desired* a 
suitable; compound of boron and ammonium 

15 sulphate may be introduced between the films 
immediately prior to the fusion, for fire- 
proofing ] purposes. 

It Will evident from the foregoing descrip- 
tion that the films employed in carrying out 

20 the present invention may be of polyvinyl 
chloride; and its copolymers, . poiyethylenes, 
polystyrenes, and polypropylenes, all. of which 
are so-called "thermoplastics". It will also be 
apparent from the description, particularly. 

25 relative to Figs. 1 to 5, that in : carryingithe 
invention into effect the first film at least 
must be capable at an elevated: temperature of 
being moulded to enable the depressions to be 
formed therein and - that both the first and 

30 second film must be capable ^of being fused : 
together; at an elevated temperature, with the 
application of pressure thereto. In addition to 
the thermoplastics dready : enumerated, poly- 
olefins, co-polymers of vinyl chloride with 

35 vinyj acetate, polyvinylidene" chloride andi 
polyvinyl butyral can also be. employed. Fur- 
thermore, use can be made of thermosetting 
plastics materials which have a thermoplastic 
stage, as well as materials, which are mbuldaWe 
- 40' before curing or vulcanising, such as natural 
and synthetic rubbers, for example butyl rub- 
ber. 

The selection of the material of the; films is, 
of course, material to the finished laminated 
45 structure, since soft cushioning, will ;b.e . pro- 
vided if the structure is made., using: highly 
plastidsed thin films, whilst firmer action, is 
obtained with the use of heavy films incorpor- 
ating only small amounts of plasticiser. 

50 WHAT I CLAIM IS: — 

1. A method of producing a laminated 
structure having hollow closed cells defined 
therein, and suitable for use, for example, as 
a cushioning material comprising: heat-treat- 

55 ing a first film of thermoplastics until at least 
one surface thereof is at its fusing tempera- 
ture, heat-treating a second film of thermo- 
plastics until at least one surface thereof is at 
its fusing temperature, thereafter passing the 

60 first film over an embossing roller provided 
with a plurality of surface cavities with a film 
surface which is at its fusing temperature 
remote from the : embossing roller, depressing 
the first film into the surface cavities, and 



thereafter applying the second film to the first 65 
film under pressure, a surface of the second 
film which is at its fusing temperature being 
arranged to contact the non-depressed parts of 
the surface of the first film which is remote 
from the embossing roller whereby the second 70 
film becomes welded to the first film without 
rupturing either film, the . combined films 
forming me said laminated structure, which 
is thereafter stripped from the embossing rol- 
ler by a separate noh-embossing stripping 75 
roller. 

2. A method as daimed in the preceding 
claim wherein the first film is produced by 
a film extruder from which said first film 
passes onto the embossing roller. 80 

3. A method as claimed in either preceding 
claim wherein the second film is produced 
by a film extruder from which said second 
film passes onto the first film on the em- 
bossing roller. 85 

4. A method as claimed in claim 1 or 
claim 2 or claim 3 wherein the method is 
performed at a pressure exceeding normal 
atmospheric pressure, so that when the resul- 
tant laminated structure is subsequently trans- 90 
ferred to normal atmosphere the pressure 
within the cells ensures that the latter are 
fully inflated. . 

5. A method, as daimed in daim 1, 2, 3 

or .4 wherein! tie resulting laminated struc- 95 
ture is permitted to cool whilst still on the 
embossing roller. 

6. A method as claimed in any preceding 
claim wherein, the second film is formed with 

a plurality of depressions the spadngs of which 100 
corresponds, to the sparing of the depressions 
formed in the embossed first film, the second 
firm being: applied to the first film with its 
depressions in register with those of the first 
film so that corresponding depressions in both 105 
films define each cell. 

,7. A method of producing a laminated- 
structure suitable for use, for example, as 
a cushioning material, substantially as herein- 
before described with: reference to the accom- 110 
panying drawings. 

8. Apparatus for producing a laminated 
structure, having hollow, dosed cells defined 
therein and suitable for use, for example, as 
a cushioning material^ comprising means for 115 
heat-teeating a first film of thermoplastics 
until at least one surface thereof is at its 
fusing temperature and for leading the first 
film in its : heated condition over an embossing 
roller provided with a plurality of surface 120 
cavities and arranged so that a surface of the 
film which is at its fusing temperature is 
remote from the embossing roller, means for 
depressing the heat-treated first film into 
the surface cavities, means for heat-treating 125 
a second film of thermoplastics until at least 
one surface thereof is at its fusing tempera- 
ture, means for feeding the second film in the 
heated condition onto the first film on said 
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embossing roller at a point beyond that at 
which the first, film is depressed into the 
surface cavities with a surface of the second 
film which is at its, fusing temperature con- 

5 tacting . the non-depressed portions of the first . 
filing means for applying pressure to the films 
to cause them to became ;welded together 
without rupturing either film to form said 
laminated stnicture, and a separate non-em- 

10 bosing stripping toIIct co-operating with em- 
bossing roller for removing the laminated 
structure: therefrom.. : 

,9. Apparatus as claimed in claim '8 in- 
cluding means for extruding the first film. 

15 10. Apparatus as : claimed in claim 8 or 
claim 9 includiug means for extruding the 
second film. 

11. Apparatus as ; claimed in claim 9 or 
claim 10 wherein the or each extruder is 

20 arranged to feed its 'respective film over 
cooling rollers prior to -its application to the 
embossing roller or the embossed film carried 
thereby. 

12. Apparatus as claimed in any of claims 
25 8 to 11, including external heating means , for 

heating the first film, whilst it is on "the 
embossing roller prior to the application of the 
second film thereto. 

13. Apparatus as claimed in any of . claims 
50 8 to 12, wherein the cavities- in L the*embossmg 

roller are connected to vacuum means whereby 
the depressions in the first film can be formed 
by a vacuum moulding.: 

14. Apparatus as claimed in any of claims 
35 8 to 13, including embossing means f or pro- 
ducing on the second film :a plurality of 
depressions the spacing of which, corresponds 
to the spacing of the depressions in the first 
film; the second film-feeding means being 

40 arranged to feed the second film with its de- 
pressions in register' with those of the first 
film so that each cell is defined by a depres- 
sion in the first : film and. a complementary 
depression in the second film. 

45 15. Apparatus as claimed in any of claims 
8 to 14 wherein the: embossing roller is of a 
heat-conductive material the : outer curved 
surface of which is provided with a covering 
of heat-insulatirig matenaL 1 

50 16. Apparatus, for producing a laminated 
structure suitable for use,, for example, as 
a cushioning material, substantially as herein- 
before described With reference to and as 
illustrated in Kg. 1, Fig. 2, Pig. 3,. Fig. 4, 

55 Fig. 5 or Figs. 8 and 1 9. of the accompanying 
drawings. 

17. A laminated structure suitable for use, 
for example, as a cushioning material when 
made by the method of any of claims 1 to 

60 7. 

18. A laminated structure as claimed in 
claim 17 wherein the depressions are hexa- 
gonal. 

19. A laminated structure as claimed in 
65 claim 18 wherein the walls of the emboss- 



ments taper in thickness from a minimum at 
the extremity of the embossment remote from 
the non-embossed portions of the respective 
film to a maximum where said embossments 
join with the non-embossed portions of said 70 
film. 

20. A laminated structure as claimed in 
claim 17 wherein the depressions have cylin- 
drical sidewalls. 

21. A laminated structure as claimed in 75 
claim 17 wherein the depressions are sub- 
stantially hemispherical. 

22. A laminated structure as claimed in 
any of claims 17 to ! 21 further including 

a third film overlying the extremities of the 80 
depressions of the first film remote from the 
non-embossed portions = of such film, and se- 
cured to said extremities so as to be sub- 
stantially parallel; to the second film. 

23. A laminated structure as claimed in 85 
any of claims 17 to 22 farther including a 
layer of material secured to that surface of the 
second film which is remote from the first 
film. 

24. A laminated structure as claimed in 90 
claim 23 wherein the said layer of material 

is of paper. 

25. A laminated structure as claimed in 
claim 23 wherein the said layer of material 

is of textile fabric 95 

26.. A laminated structure as claimed in 
claim 23 wherein the said layer of material 
is of rubber. " 

27. A laminated structure as claimed in 
claim 23 wherein said layer is of a foamed 100 
thermoplastics. 

28. A laminated structure as claimed in 
any of claims 17 to 27 wherein the films are 
enclosed between barrier layers for protect- 
ing the structure against gas or water vapour. 105 

29. A laminated structure as claimed in 
any of claims 17 to 28 which is enclosed . 
within a resilient material: ~ * 

30. 4- laminated structure as claimed in 
chlm '2§ wherein the resilient material is HO 
natural or synthetic rubber. 

31. A laminated structure as claimed in 
claim 29 or 30 wherein said resilient material 
is a foamed material. 

32. A laminated structure as claimed in 115 
any of claims 17 to 31 !wherein each cell con- 
tains a powdered material 

33. A laminated structure as claimed in 
claim 32 wherein the powdered material is 
fire-retardant 120 

34. A laminated structure as claimed in 
claim 32 wherein the powdered material is 
a desiccant. 

35. An assembly comprising a pair of 
laminated structures as claimed in any of 125 
claims 17 to 21" secured together in face to 
face relationship with depressions of one of 

the structures located between corresponding 
depressions in the other structure. 
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36. A laminated structure as claime d in 
claim 17 and substantially as hereinbefore 
described with reference to and as illustrated 
in Figs. 6/7 and ID; or Figs. 11 and 12; or 
Fig. 13; or Fig. 14; or Fig. 15; or Figs. 17 
and 18; oc Fig. 19 or Fig. 20; or Fig. 21; 



or Fig. 22; or Fig. 23 of the accompanying 
drawings. 

W. P. THOMPSON & CO., 
Chartered Patent Agents, 
12, Church Street, 
Liverpool, 1. 
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